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LIPOMACROCYCLES AND USES THEREOF 


CROSS REFERENCE TO RELATED 
APPLICATIONS 


This application claims the benefit of the filing dates of 
USS. provisional application Ser. No. 61/377,244, filed Aug. 
26, 2010, and U.S. provisional application No. 61/384,880, 
filed Sep. 21, 2010. 


TECHNICAL FIELD 


Novel lipomacrocycle compounds with multifunctional 
tails have been synthesized. Lipid-nucleotide particles com- 
prising these compounds have been prepared. The presence of 
these compounds in the particles enhances knockdown of 
gene expression. 


BACKGROUND 


Delivery of therapeutic compounds to a subject is limited 
by the ability of these compounds to reach and enter targeted 
organs, tissues, and cells. Delivery of many therapeutic mol- 
ecules has been found to be facilitated by lipid based delivery 
vehicles. Lipid-based systems generally involve liposomes or 
lipid particles. Lipid systems can consist of an aqueous inte- 
rior surrounded by a lipid bilayer. Lipid particles and lipid 
bilayers consist of a hydrophobic region and a region that 
interfaces with water. The hydrophobic region generally con- 
sists of alkyl chains of the lipids. The polar region generally 
consists of charged or polar head groups of the lipids. Lipids 
form these structures spontaneously because of their 
amphiphilic character. 

Liposomes or lipid particles transport therapeutic mol- 
ecules in their interior, either in aqueous or hydrophobic 
regions, and/or on their surface. Liposomes or lipid particles 
may stabilize a therapeutic molecule both before and after 
administration to subject organisms. Liposomes may also 
facilitate delivery to the target tissue or organ, either systemi- 
cally, e.g., in the circulation, or locally, e.g., when adminis- 
tered topically. Liposomes or lipid particles may also facili- 
tate entry of a therapeutic molecule into the cytoplasm of 
target cells. The mechanism underlying these phenomena are 
incompletely understood. 

Polynucleotides are an important class of therapeutic mol- 
ecules. These are generally either DNA or RNA, but include 
a variety of modified forms, including single- and double- 
stranded regions. Delivery of polynucleotides, particularly 
double stranded RNA, is enhanced by lipid systems, either in 
the form of liposomes or lipid particles. Lipid particles and 
liposomes are capable of complexing with polynucleotides. 
The interaction between lipids and polynucleotides can be 
based on a charge complex. That is, each nucleotide of a 
polynucleotide carries a negative charge of a phosphate 
group. Ifthe lipid is positively charged, it may complex with 
a charge group of a polynucleotide. Similarly, polynucle- 
otides may complex with the polar region of a lipid bilayer. 
Liposomes and lipid particles may encapsulate polynucle- 
otides or complex with them on their polar or charged surface. 

Even though such lipid-polynucleotide particles have 
shown such great promise, little is known about how lipids 
and liposomes facilitate delivery of polynucleotides. While 
certain liposomal compositions have been found to be favor- 
able for transport of polynucleotides to target cells, results are 
unpredictable, and may vary according to the process of pro- 
ducing the lipid particles or liposomes, and between one 
preparation and another made by the same process. The effi- 
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ciency of delivery by a liposomal preparation varies substan- 
tially between organs. Efficient delivery in cultures of cells in 
vitro cannot predict whether the same preparations will 
enhance delivery when administered to an organism in vivo. 

Cationic lipids of the lipid particles and liposomes have 
been found to be critical for their ability to enhance delivery 
of therapeutic molecules in general, and polynucleotides in 
particular. The bases for the critical role of cationic lipids in 
these systems is incompletely understood and structure func- 
tion relationships are unknown; their enhancing affect may 
stem from one or more factors, including the ability of cat- 
ionic lipids to complex with polynucleotides, their effect on 
the lipid bilayer structure, their ability to fuse with plasma 
membranes of the target cell, and/or their ability to facilitate 
entry of the polynucleotide into the cytoplasm ofthe cell. This 
uncertainty creates further unpredictability in this field of 
research. 

The number of naturally occurring cationic lipids is lim- 
ited. Further, the cost of natural lipids can be substantial, 
particularly when linked to a large-scale manufacturing pro- 
cess under regulatory conditions. This is because natural lip- 
ids are generally extracted and are heterogeneous, and are not 
synthesized. Homogeneous preparations of single natural lip- 
ids are now available commercially, albeit in limited numbers 
and limited to research use. However, design of novel cationic 
lipids has shown promise of improving delivery of lipid- 
based vehicles. There exists a continuing need to identify 
classes of cationic lipids that enhance lipid-based delivery 
systems, particularly ones that allow formulations with thera- 
peutic molecules to be readily and reproducibly manufac- 
tured. 


SUMMARY 


What is described is a macrocyclic compound produced by 
reacting a cyclic compound of formula I 


((CH2)n(CH2 — XR — CH2))m) 


with an epoxide of formula II or III 


II 


С O—R' 
Зен— сн, 
НС 
Ш 
о res 
| Усн—сн, 
НС 


In formula I, X is №, O or $, and may vary within the cyclic 
compound. When X is О orS, then R is nothing. When X is М, 
then R is selected from a group consisting of H, a linear or 
branched alkyl, an aryl а cholesterol, CH2CONH2, 
CH2CONHCH3, a methylene bridge between a pair of the 
amino groups of the cyclic compound, or an ethylene bridge 
between pairs of amino groups of the cyclic compound. More 
than one R group may occur in the cyclic compound. The 
CH2-XR—CH2 group of the cyclic compound repeats from 
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m=2 to 10 times. For every repeat of the CH2-XR—CH2 
group, n is 0 or 1. In formula II and III, R is C1 to C20. 


In one aspect of the description, the macrocyclic com- 
pound comprises at least one amine. Examples of the macro- 
cyclic compound are those with cyclic compound include 
molecules having the following formulae: 


ap 

v / 
Е . 

C 3 O 
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-continued 


HN NH 
HN NH 


M6 
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-continued 
T2 


The macrocyclic compound in an aqueous solution at neu- 
tral pH has molecular structure of formula IV: 


IV 


© 
((CH2)n(CH2— NR(CH2CHOHR’)—CH2))n. 


The compound may contain a tertiary or quaternary ammo- 
nium group, depending on whether R is H or another sub- 
stituent. If tertiary, the macrocyclic compound is ionizable. 
Another aspect of the description is the macrocyclic com- 
pound in which the cyclic compound is reacted with an 
amount of epoxide that is proportional to the number of 
amines in the cyclic compound. A macrocyclic compound 
will accordingly have all amine derivatized. Alternatively, the 
cyclic compound may be reacted with an amount of epoxide 
that is less than the number ofamines in the cyclic compound, 
in which some of the amines will not be derivatized. When the 
cyclic compound is reacted with an amount of epoxide that is 
proportional to the amount of the cyclic compound (a 1:1 
molar ratio), only a single amine will be derivatized. 
Preferred macrocyclic compounds are ones with amines 
derivatized with molecular substituents that include: 


CH,—O—(CH))9CH3, СН0—(СН›), СНз, 
CH;0—(CH5),3CHs, (CH2)oCH3, 

(CH5),, CH, (CHa) СНз, 

(CH)13CH3, (CH2),sCH3, or 
CH,O—CH(CH,CH;)((CH)), CH). 


The macrocyclic compound may consist of a heteroge- 
neous set of R substituents or the R substituents may all be the 
same. Similarly, the X atoms may all be the same or hetero- 
geneous. 

Another aspect of the description is the macrocyclic com- 
pound in an aqueous solution comprising a polynucleotide. 
Moreover, the macrocyclic compound may be acomponent in 
a lipid-polynucleotide particle comprising a lipid and a poly- 
nucleotide. The polynucleotide may be an RNA molecule, for 
example a siRNA molecule. 

Another aspect of the description is the macrocyclic com- 
pound in an aqueous solution comprising a liposome ora lipid 
particle. The macrocyclic compound may be a component of 
a liposome or a lipid particle. The liposome or lipid particle 
may be in an aqueous formulation, including one that com- 
prises a polynucleotide. The polynucleotide may be an siRNA 
molecule. Further, the aqueous formulation is a pharmaceu- 
tical composition. 


DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 


Definitions of technical terms provided herein should be 
construed to include without recitation those meanings asso- 
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ciated with these terms known to those skilled in the art, and 
are not intended to limit the scope of the disclosure. 

An emulsion is a mixture of two immiscible (unblendable) 
substances. One substance (the dispersed phase) is dispersed 
in the other (the continuous phase). Emulsions are unstable 
and thus do not form spontaneously. Energy input through 
shaking, stirring, homogenizers, or spray processes are 
needed to form an emulsion. 

A self-emulsifying lipid/nucleic acid complex is a complex 
of lipids and nucleic acid that forms an emulsion in an aque- 
ous environment without the input of substantial energy such 
as sonication, homogenization etc. 

It will be appreciated that the compounds, as described 
herein, may be substituted with any number of substituents or 
functional moieties. In general, the term “substituted” 
whether proceeded by the term “optionally” or not, and sub- 
stituents contained in formulas of this description, refer to the 
replacement of hydrogen radicals in a given structure with the 
radical of a specified substituent. When more than one posi- 
tion in any given structure may be substituted with more than 
one substituent selected from a specified group, the substitu- 
ent may be either the same or different at every position. As 
used herein, the term “substituted” is contemplated to include 
all permissible substituents of organic compounds. In a broad 
aspect, the permissible substituents include acyclic and 
cyclic, branched and unbranched, carbocyclic and heterocy- 
clic, aromatic and nonaromatic substituents of organic com- 
pounds. For purposes ofthis description, heteroatoms such as 
nitrogen may have hydrogen substituents and/or any permis- 
sible substituents of organic compounds described herein 
which satisfy the valences of the heteroatoms. Furthermore, 
this description is not intended to be limited in any manner by 
the permissible substituents of organic compounds. Combi- 
nations of substituents and variables envisioned by this 
description are preferably those that result in the formation of 
stable compounds useful in the treatment of diseases or dis- 
orders. The term “stable”, as used herein, preferably refers to 
compounds which possess stability sufficient to allow manu- 
facture and which maintain the integrity of the compound for 
a sufficient period of time to be detected and preferably for a 
sufficient period of time to be useful for the purposes detailed 
herein. 

The term “aliphatic,” as used herein, includes both satu- 
rated and unsaturated, straight chain (i.e., unbranched), 
branched, acyclic, cyclic, or polycyclic aliphatic hydrocar- 
bons, which are optionally substituted with one or more func- 
tional groups. As will be appreciated by one of ordinary skill 
in the art, “aliphatic” is intended herein to include, but is not 
limited to, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, 
and cycloalkynyl moieties. Thus, as used herein, the term 
“alkyl” includes straight, branched and cyclic alkyl groups. 
An analogous convention applies to other generic terms such 
as “alkenyl,” “alkynyl,” and the like. Furthermore, as used 
herein, the terms “alkyl,” “alkenyl,” “alkynyl,” and the like 
encompass both substituted and unsubstituted groups. In cer- 
tain embodiments, as used herein, “lower alkyl" is used to 
indicate those alkyl groups (cyclic, acyclic, substituted, 
unsubstituted, branched or unbranched) having 1-6 carbon 
atoms. 

In certain embodiments, the alkyl, alkenyl, and alkynyl 
groups employed in the description contain 1-20 aliphatic 
carbon atoms. In certain other embodiments, the alkyl, alk- 
enyl, and alkynyl groups employed in the description contain 
1-10 aliphatic carbon atoms. In yet other embodiments, the 
alkyl, alkenyl, and alkynyl groups employed in the descrip- 
tion contain 1-8 aliphatic carbon atoms. In still other embodi- 
ments, the alkyl, alkenyl, and alkynyl groups employed in the 
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description contain 1-6 aliphatic carbon atoms. In yet other 
embodiments, the alkyl, alkenyl, and alkynyl groups 
employed in the description contain 1-4 carbon atoms. The 
term “alkyl” as used herein refers to saturated, straight- or 
branched-chain hydrocarbon radicals derived from a hydro- 
carbon moiety containing between one and twenty carbon 
atoms by removal of a single hydrogen atom. The term “alk- 
enyl” denotes a monovalent group derived from a hydrocar- 
bon moiety having at least one carbon-carbon double bond by 
the removal ofa single hydrogen atom. The term “alkynyl” as 
used herein refers to a monovalent group derived form a 
hydrocarbon having at least one carbon-carbon triple bond by 
the removal of a single hydrogen atom. 

The term “alkoxy,” or “thioalkyl” as used herein refers to 
an alkyl group, as previously defined, attached to the parent 
molecule through an oxygen atom or through a sulfur atom. In 
certain embodiments, the alkyl, alkenyl, and alkynyl groups 
contain 1-20 alipahtic carbon atoms. In certain other embodi- 
ments, the alkyl, alkenyl, and alkynyl groups contain 1-10 
aliphatic carbon atoms. In yet other embodiments, the alkyl, 
alkenyl, and alkynyl groups employed in the description con- 
tain 1-8 aliphatic carbon atoms. In still other embodiments, 
the alkyl, alkenyl, and alkynyl groups contain 1-6 aliphatic 
carbon atoms. In yet other embodiments, the alkyl, alkenyl, 
and alkynyl groups contain 1-4 aliphatic carbon atoms 

The term “alkylamino” refers to a group having the struc- 
ture —NHR', wherein R' is aliphatic, as defined herein. In 
certain embodiments, the aliphatic group contains 1-20 ali- 
phatic carbon atoms. In certain other embodiments, the ali- 
phatic group contains 1-10 aliphatic carbon atoms. In yet 
other embodiments, the aliphatic group employed in the 
description contains 1-8 aliphatic carbon atoms. In still other 
embodiments, the aliphatic group contains 1-6 aliphatic car- 
bon atoms. In yet other embodiments, the aliphatic group 
contains 1-4 aliphatic carbon atoms. The term “carboxylic 
acid" as used herein refers to a group of formula —CO2H. 

Cyclic compounds including macrocyclic compounds as 
used herein, refers to a non-aromatic partially unsaturated or 
fully saturated 3 or more-membered ring system which 
include 3 or more atoms in size and bi and tri-cyclic ring 
system which may include aromatic six-membered aryl or 
aromatic heterocyclic groups fused or linked to a non-aro- 
matic ring. These heterocyclic rings include those having 
from one to three heteroatoms independently selected from 
oxygen, sulfur, and nitrogen, in which the nitrogen and sulfur 
heteroatoms may optionally be oxidized and the nitrogen 
heteroatom may optionally be quaternized. 

As used herein, the term interfering nucleic acid (iNA) 
refers to a nucleic acid duplexes having a sense and antisense 
strand, which when entered into a RISC complex induces 
enzymatic degradation of mRNA. Generally each strand con- 
tains predominantly RNA nucleotides but the strands can 
contain RNA analogs, RNA and RNA analogs, RNA and 
DNA, RNA analogs and DNA, or one strand that is com- 
pletely DNA and one strand that is RNA as long as the iNA 
construct induces enzymatic degradation of a homologous 
mRNA. 

“Nucleic acid" refers to deoxyribonucleotides or ribo- 
nucleotides and polymers thereof in single- or double- 
stranded form. The term encompasses nucleic acids contain- 
ing known nucleotide analogs or modified backbone residues 
or linkages, which are synthetic, naturally occurring, and 
non-naturally occurring, which have similar binding proper- 
ties as the reference nucleic acid, and which are metabolized 
inamanner similar to the reference nucleotides. By “RNA” is 
meant a molecule comprising at least one ribonucleotide resi- 
due. By “ribonucleotide” is meant a nucleotide with a 
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hydroxyl group at the 2' position of a .BD-ribo-furanose moi- 
ety. The terms include double-stranded RNA, single-stranded 
RNA, isolated RNA such as partially purified RNA, essen- 
tially pure RNA, synthetic RNA, recombinantly produced 
RNA, as well as altered RNA that differs from naturally 
occurring RNA by the addition, deletion, substitution and/or 
alteration of one or more nucleotides. Such alterations can 
include addition of non-nucleotide material, such as to the 
end(s) of the iNA or internally, for example at one or more 
nucleotides of the RNA. Nucleotides in the RNA molecules 
of the instant description can also comprise non-standard 
nucleotides, such as non-naturally occurring nucleotides or 
chemically synthesized nucleotides or deoxynucleotides. 
These altered RNAs can be referred to as analogs or analogs 
of naturally-occurring RNA. As used herein, the terms “ribo- 
nucleic acid” and “RNA” refer to a molecule containing at 
least one ribonucleotide residue. A ribonucleotide is a nucle- 
otide with a hydroxyl group at the 2' position of a f-D-ribo- 
furanose moiety. These terms include double-stranded RNA, 
single-stranded RNA, isolated RNA such as partially purified 
RNA, essentially pure RNA, synthetic RNA, recombinantly 
produced RNA, as well as modified and altered RNA that 
differs from naturally occurring RNA by the addition, dele- 
tion, substitution, modification, and/or alteration of one or 
more nucleotides. Alterations ofan RNA can include addition 
of non-nucleotide material, such as to the end(s) of a iNA or 
internally, for example at one or more nucleotides of an RNA 
nucleotides in an RNA molecule include non-standard nucle- 
otides, such as non-naturally occurring nucleotides or chemi- 
cally synthesized nucleotides or deoxynucleotides. These 
altered RNAs can be referred to as analogs. 

By “nucleotide” as used herein is as recognized in the art to 
include natural bases (standard), and modified bases well 
known in the art. Such bases are generally located at the 1' 
position of a nucleotide sugar moiety. Nucleotides generally 
comprise a base, sugar and a phosphate group. The nucle- 
otides can be unmodified or modified at the sugar, phosphate 
and/or base moiety, (also referred to interchangeably as 
nucleotide analogs, modified nucleotides, non-natural nucle- 
otides, non-standard nucleotides and other). There are several 
examples of modified nucleic acid bases known in the art. By 
"modified bases" in this aspect is meant nucleotide bases 
other than adenine, guanine, cytosine and uracil at 1' position 
or their equivalents. 

As used herein the term small interfering RNA (siRNA), 
sometimes known as short interfering RNA or silencing 
RNA, is used to refer to a class of double-stranded RNA 
molecules, 16-29 nucleotides in length, that play a variety of 
roles in biology. Most notably, siRNA is involved in the RNA 
interference (RNAi) pathway, where it interferes with the 
expression of a specific gene. In addition to their role in the 
RNAi pathway, siRNA also act in RNAi-related pathways, 
e.g., as an antiviral mechanism or in shaping the chromatin 
structure of a genome; the complexity of these pathways is 
only now being elucidated. 

The term phospholipids refer to any of various compounds 
composed of fatty acids and phosphoric acid and a nitrog- 
enous base, Examples of phospholipids include but are not 
limited to phosphatidyl ethanolamine, phosphatidyl choline, 
phosphatidyl inositol and diphosphatidyl glycerol, such as 
1,2-Dilauroyl-sn-glycerol (DLG); 1,2-Dimyristoyl-sn-glyc- 
erol (DMG); 1,2-Dipalmitoyl-sn-glycerol (DPG); 1,2-Dis- 
tearoyl-sn-glycerol (DSG);  1,2-Dilauroyl-sn-glycero-3- 
phosphatidic acid (sodium salt; DLPA); 1,2-Dimyristoyl-sn- 
glycero-3-phosphatidic acid (sodium salt; DMPA); 1,2- 
Dipalmitoyl-sn-glycero-3-phosphatidic acid (sodium salt; 
DPPA); 1,2-Distearoyl-sn-glycero-3-phosphatidic acid (so- 
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dium salt; DSPA); 1,2-Diarachidoyl-sn-glycero-3-phospho- 
choline (DAPC); 1,2-Dilauroyl-sn-glycero-3-phosphocho- 
line (DLPC); 1,2-Dimyristoyl-sn-glycero-3-phosphocholine 
(DMPC); 1,2-Dipalmitoyl-sn-glycero-O-ethyl-3-phospho- 
choline (chloride or triflate; DPePC); 1,2-Dipalmitoyl-sn- 
glycero-3-phosphocholine (DPPC); 1,2-Distearoyl-sn-glyc- 
ero-3-phosphocholine (DSPC); 1,2-Dilauroyl-sn-glycero-3- 
phosphoethanolamine (DLPE); 1,2-Dimyristoyl-sn-glycero- 
3-phosphoethanolamine (DMPE);  1.2-Dipalmitoyl-sn- 
glycero-3-phosphoethanolamine (DPPE); 1,2-Distearoyl-sn- 
glycero-3-phosphoethanolamine (DSPE); 1,2-Dilauroyl-sn- 
glycero-3-phosphoglycerol (sodium salt; DLPG); 1,2- 
Dimyristoyl-sn-glycero-3-phosphoglycerol (sodium salt; 
DMPG); 1,2-Dimyristoyl-sn-glycero-3-phospho-sn-1 -glyc- 
erol (ammonium salt; DMP-sn-1-G); 1,2-Dipalmitoyl-sn- 
glycero-3-phosphoglycerol (sodium salt; DPPG); 1,2-Dis- 
tearoyl-sn-glycero-3-phosphoglycero (sodium salt; DSPG); 
1,2-Distearoyl-sn-glycero-3-phospho-sn-1-glycerol (sodium 
salt; DSP-sn-1-G); 1,2-Dipalmitoyl-sn-glycero-3-phospho- 
L-serine (sodium salt; DPPS); 1-Palmitoyl-2-linoleoyl-sn- 
glycero-3-phosphocholine (PLinoPC); 1-Palmitoyl-2-ole- 
oyl-sn-glycero-3-phosphocholine (POPC); 1-Palmitoyl-2- 
oleoyl-sn-glycero-3-phosphoglycerol (sodium salt; POPG); 
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphoglycerol (50- 
dium salt; POPG); 1-Palmitoyl-2-oleoyl-sn-glycero-3-phos- 
phoglycerol (ammonium salt; POPG); 1-Palmitoyl-2-4-o-sn- 
glycero-3-phosphocholine (P-lyso-PC); 1-Stearoyl-2-lyso- 
sn-glycero-3-phosphocholine (S-lyso-PC); 1,2- 
didocosahexaenoyl-sn-glycero-3-phosphoethanolamine 

(22:6 PE); 1,2-diarachidonoyl-sn-glycero-3-phosphoethano- 
lamine (20:4 PE); 1,2-dilinolenoyl-sn-glycero-3-phosphoet- 
hanolamine (18:3 PE); 1,2-dilinoleoyl-sn-glycero-3-phos- 
phoethanolamine (DlinPE) 1,2-dipalmitoyl-sn-glycero-3- 
phosphoethanolamine (DPPE); 1,2-distearoyl-sn-glycero-3- 
phosphoethanolamine (DSPE); 1,2-dimyristoyl-sn-glycero- 
3-phosphoethanolamine (DMPE); and mixtures thereof. 

Lipomacrocycles and Uses Thereof 

The description relates in part to synthesis of lipomacro- 
cycle compounds with multifunctional tails. The compounds 
are particularly suitable for delivering polynucleotides to 
cells and tissues as demonstrated in subsequent sections. The 
lipomacrocycle compound described herein may be used for 
other purposes as well as, for example, recipients and addi- 
tives. 

Lipomacrocycle compounds with multifunctional tails can 
be synthesized as described herein by reacting amine with 
one or more functional molecules, forming tails of the 
lipomacrocycle compounds. 

The synthetic methods for the lipomacrocycle compound 
can be synthesized with the skills in the art. The skilled ofthe 
arts will recognize other methods to produce these com- 
pounds, and to produce also the other compounds of the 
description. 

The lipomacrocycle compounds may be prepared by a) an 
amine reacting with cholesteryl chioroformate, epoxy termi- 
nal aliphatic compounds and polymers, separately to form 
amine-cholesterol, amine-aliphatic and amine-polymer 
lipomacrocycle respectively; b) the products from above step 
can further used to produce lipomacrocycle containing two 
functional groups and c) the product from C can be further 
used to synthesize lipomacrocycle containing all of three 
different functional tails (steroids, aliphatic chain and poly- 
mer. Each functional group can be mono, di, tri, and more 
substituted depending on the reaction sites of amine com- 
pound chosen for the synthesis. 

A polymer can be added to the compound containing both 
sterol(s) and aliphatic chain(s) to produce a multifunctional 
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tailed compounds containing cholesterol moiety (ies), ali- 
phatic chain (s) and a polymer for a simplified drug encapsu- 
lation and effective drug delivery. An amine and a tail com- 
pound may be reacted at low temperature first in the presence 
of solvent to prepare the lipomacrocycle compounds modi- 
fied from the method mentioned above. Alternatively, an 
amine and a tail compound may be reacted at elevated tem- 
peratures in the absence of solvent to prepare the lipomacro- 
cycle compounds modified from the method mentioned 
above. Typically, the amines chosen contain between two and 
more amine moieties, and sterol compound, most commonly 
is cholesterol and the epoxide-terminated compounds include 
a tail of varying chain lengths and optionally feature various 
functional groups and varying degrees of saturation PEG- 
epoxide. 

The macrocyclic compound chosen may contain between 
two and more amine moieties, e.g., a cholesterol. The epoxide 
compounds may include a tail of varying chain lengths and 
optionally feature various functional groups and varying 
degrees of saturation or a polymer with varying lengths and 
optionally feature various functional or targeting groups. Two 
different aliphatic compounds or polymers may be used in the 
reaction mixture to prepare a lipomacrocycle compound with 
multifunctional tails. 

Examples of cyclic compounds to be used to produce 
lipomacrocyclic compounds are: 
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The lipomacrocycle compounds may be combined with an 
agent to form microparticles, nanoparticles, liposomes, or 
micelles. The agent to be delivered by the particles, lipo- 
somes, or micelles may be in ће form ofa gas, liquid, or solid, 
and the agent may be a polynucleotide, protein, peptide, or 
small molecule. The lipomacrocycle compounds may be 
combined with other lipomacrocycle compounds, polymers 
(synthetic or natural), surfactants, cholesterol, carbohydrates, 
proteins, lipids, etc. to form the particles. These particles may 
then optionally be combined with a pharmaceutical excipient 
to form a pharmaceutical composition. 


The description also provides libraries of lipomacrocycle 
compounds prepared by the described methods. These 
lipomacrocycle compounds may be prepared and/or screened 
using high-throughput techniques involving liquid handlers, 
robots, microtiter plates, and computers. In certain embodi- 
ments, the lipomacrocycle compounds are screened for their 
ability to transfect polynucleotides or other agents (e.g., pro- 
teins, peptides, small molecules) into the cell. 


The present description provides novel lipomacrocycle 
compounds and drug delivery systems based on the use of 
such lipomacrocycle compounds. The system may be used in 
the pharmaceutical/drug delivery arts to delivery polynucle- 
otides, proteins, small molecules, peptides, antigen, drugs, 
etc. toa patient, tissue, organ, or cell. These novel compounds 
may also be used as materials for coating, additives, excipi- 
ents, materials, or bioengineering. 


The lipomacrocycle compounds of the present description 
provide for several different uses in the drug delivery art. The 
amine-containing portion of the lipomacrocycle compounds 
may be used to complex polynucleotides, thereby enhancing 
the delivery of polynucleotide and preventing their degrada- 
tion. The lipomacrocycle compounds may also be used in the 
formation of picoparticles, nanoparticles, microparticles, 
liposomes, and micelles containing the agent to be delivered. 
Preferably, the lipomacrocycle compounds are biocompat- 
ible and biodegradable, and the formed particles are also 
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biodegradable and biocompatible and may be used to provide 
controlled, sustained release of the agent to be delivered. 
These and their corresponding particles may also be respon- 
sive to pH changes given that these are protonated at lower 


pH. They may also act as proton sponges in the delivery ofan 5 


agent to a cell to cause endosome lysis. 

The lipomacrocycle compounds of the present description 
contain primary, secondary, tertiary, and/or quaternary 
amines, and salts thereof. The amines may be cyclic or acyclic 
amines. In certain embodiments, the lipomacrocycle com- 
pounds are relatively non-cytotoxic. The lipomacrocycle 
compounds may be biocompatible and biodegradable. The 
lipomacrocycle may have pK „$ in the range of approximately 
5.5 to approximately 7.5, more preferably between approxi- 
mately 6.0 and approximately 7.0. It may be designed to have 
a desired pKa between approximately 3.0 and approximately 
9.0, or between approximately 5.0 and approximately 8.0. 
The lipomacrocycle compounds described herein are particu- 
larly attractive for drug delivery for several reasons: they 
contain amino groups for interacting with DNA, RNA, other 
polynucleotides, and other negatively charged agents, for 
buffering the pH, for causing endo-osmolysis, for protecting 
the agent to be delivered, they can be synthesized from com- 
mercially available starting materials; and/or they are pH 
responsive and can be engineered with a desired pK,. 

A composition containing a lipomacrocycle compound 
may be 30-70% lipomacrocycle compound, 0-60% choles- 
terol, 0-30% phospholipid and 1-10% polyethylene glycol 
(PEG). Preferably, the composition is 30-40% lipomacro- 
cycle compound, 40-50% cholesterol, and 10-20% PEG. In 
other preferred embodiments, the composition is 50-75% 
lipomacrocycle compound, 20-40% cholesterol, and 5 to 
10% phospholipid, and 1-10% PEG. The composition may 
contain 60-70% lipomacrocycle compound, 25-35% choles- 
terol, and 5-10% PEG. The composition may contain up to 
90% lipomacrocycle compound and 2 to 15% helper lipid. 

The formulation may be a lipid particle formulation, for 
example containing 8-30% lipomacrocycle compound, 
5-30% helper lipid, and 0-20% cholesterol; 4-25% lipomac- 
rocycle, 4-25% helper lipid, 2 to 25% cholesterol, 10 to 35% 
cholesterol-PEG, and 5% cholesterol-amine; or 2-30% 
lipomacrocycle, 2-30% helper lipid, 1 to 15% cholesterol, 2 
to 35% cholesterol-PEG, and 1-20% cholesterol-amine; or up 
to 90% lipomacrocycle and 2-10% helper lipids, or even 
100% lipomacrocycle. 

In certain embodiments, one equivalent of an amine is 
reacted with one equivalent of an epoxide-terminated com- 
pound. In certain embodiments, one equivalent of an amine is 
reacted with one, two, three, four, five, six or more equiva- 
lents of an epoxide-terminated compound. In certain embodi- 
ments, the amount of epoxide-terminated compound is lim- 
iting to prevent the functionalization of all amino groups. The 
resulting lipomacrocycle or lipomacrocycle composition in 
these instances contains secondary amino groups and/or pri- 
mary amino groups. Lipomacrocycle compounds having sec- 
ondary amines are particular useful in certain instances. In 
certain embodiments, amine-containing lipomacrocycle 
compounds that have not been fully functionalized are further 
reacted with another electrophile (e.g., terminal epoxide, 
alkyl halide, etc.). Such further functionalization of the 
amines of the lipomacrocycle compound results in lipomac- 
rocycle compounds with different epoxide-compound 
derived tails. One, two, three, four, five, or more tails may be 
different from the other tails of the lipomacrocycle com- 
pounds. 

The preferred macrocyclic compound is produced by 
reacting a cyclic compound consisting of formula I 
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((CH2)n(CH2 — XR — CH2))m) 


with an epoxide consisting of formula II or III 


II 
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R may be a hydrogen, a substituted, unsubstituted, 
branched or unbranched C,-C,, aliphatic, or a substituted, 
unsubstituted, branched or unbranched C, _„,-heteroaliphatic 
or —CH, CH(OH)Rh; a steroid, a PUFA, guanidine or argi- 
nine, in any combination; and wherein the steroid is selected 
from the group consisting of lanosterol, ergosterol, desmos- 
terol, a plant phytosterol, such as stigmasterol, or a bile salt or 
bile salt derivative such as cholic acid, deoxycholic acid, 
hydrodeoxycholic acid or dehydrocholic acid. R, is polyeth- 
ylene glycol (PEG) where molecular weight from 50 to 
20,000. 


R and R' may be hydrogen. an unsubstituted and 
unbranched C,-C,, aliphatic, an alkyl, e.g., a methyl ethyl, 
propyl, or butyl, an unsubstituted and unbranched het- 
eroaliphatic, a hetero alkyl, another macrocycle molecule 
linked to through any linkers, e.g, a hydrocrabon chain, a 
steroid, e.g., lanosterol, ergosterol, desmosterol, a plant phy- 
tosterol, such as stigmasterol, a bile salt or bile salt, e.g., 
cholic acid, deoxycholic acid, hydrodeoxycholic acid or 
dehydrocholic acid, or a PEG, e.g., with a molecular weight 
from 50 to 20,000. 


The lipomacrocycle compound of the present description 
may be derived from a cyclic compound of the formula: 


Examples of such lipomacrocycle compounds may 
include: 
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may be of the formula: 
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The lipomacrocycle compound of the present description 
may be of the formula: Examples of these compounds may include: 
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Examples of these compounds may include: 
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Examples of these compounds may include: 
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The lipomacrocycle compound may be derived from an 
epoxide of the following formulae: 
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Compositions and Formulations for Administration 

The nucleic acid-lipid compositions comprising the 
lipomacrocycle compounds of this disclosure may be admin- 
istered by various routes, for example, to effect systemic 
delivery via intravenous, parenteral, intraperitoneal or topical 
routes. In some embodiments, a siRNA may be delivered 
intracellularly, for example, in cells of a target tissue such as 
lung or liver, or in inflamed tissues. In some embodiments, 
this disclosure provides a method for delivery of siRNA in 
vivo. A nucleic acid-lipid composition may be administered 
intravenously, subcutaneously, or intraperitoneally to a sub- 
ject. In some embodiments, the disclosure provides methods 
for in vivo delivery of interfering RNA to the lung of a 
mammalian subject. 

In some embodiments, this disclosure provides a method of 
treating a disease or disorder in a mammalian subject. A 
therapeutically effective amount of a composition of this 
disclosure containing a nucleic acid, a lipomacrocycle com- 
pound, a phospholipid, may be administered to a subject 
having a disease or disorder associated with expression or 
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overexpression of a gene that can be reduced, decreased, 
downregulated, or silenced by the composition. 

A therapeutically effective amount of a composition of this 
disclosure containing a nucleic acid, a lipomacrocycle com- 
pound and/or a phospholipid and/or cholesterol and/and or a 
PEG-linked cholesterol may be administered to a subject 
having a disease or disorder associated with expression or 
overexpression of a gene that can be reduced, decreased, 
downregulated, or silenced by the composition. 

The nucleic acid may be DNA, RNA, antisense, aptamer, 
antagamer, plasmid, interfering nucleic acid (iNA), 
ribozyme, small interfering nucleic acid (siRNA), microRNA 
(miRNA), or a mixture of these. 

The compositions may comprise a phospholipid, e.g., 
phosphatidylethanolamine, phosphatidylcholine, sphinogo- 
myelin and phosphatidylinositol. The phospholipid may con- 
sist of a 12-24 alkyl chain with or without unsatured band(s). 

The composition may comprise a PEG-linked lipid, in 
which the PEG has a molecular weight of 100-10,000 Da, 
preferably 400-5000 Da, most preferably 2000 Da. 

For example, the composition may include the lipomacro- 
cycle compound of the present description and a nucleic acid 
with: distearoylphosphatidylcholine (DSPC), cholesterol, 
and dimyristoylglycerol-PEG (DMG-PEG2000); DSPC, 
cholesterol, and dipalmitoylglycerol-PEG (DPG-PEG2000); 
DSPC, cholesterol, and distearoylglycerol-PEG (DSG- 
PEG2000); 1,2-dilinoleoyl-sn-glycero-3-phosphoethanola- 
mine, cholesterol, and DMG-PEG2000; 1,2-dilinoleoyl-sn- 
glycero-3-phosphoethanolamine (DlinPE), cholesterol, and 
DPG-PEG2000; DlinPE, cholesterol, and DSG-PEG2000; 
DSPC, cholesterol, and C16 PEG750 ceramide; DSPC, cho- 
lesterol, and cholesterol-PEG; DSPC, cholesterol, and 
DSPE-PEG 2000; DSPC, cholesterol, and DOPE-PEG 2000; 
or DSPC, cholesterol, cholesterol-PEG 660, and DSPE-PEG 
2000. 

Another aspect of the description is lipid mixture in ethanol 
directly contact with siRNA in water wherein the liposome is 
spontaneously formed without further processing, wherein 
the ethanol contents can be kept in very low concentration 
related to water which can be administered directly into a 
mammal without removing ethanol. 

Another aspect of the description is any of the above com- 
positions suitable for delivery of nucleic acid to skin, or for 
injection. Any of the above formulations may be suitable for 
delivery of a therapeutic molecule to the liver, to the lung, to 
a tumor, or other tissues or organs. 

Contacting the nucleic acid solution with the solution of 
lipids is accomplished by mixing together a solution of 
nucleic acids, which is typically an aqueous solution, with a 
solution of the lipids, which is in ethanol, preferentially in 
equal or smaller volume in comparison with that of nucleic 
acid, such as 1:1 to 10:1 ratio (water/ethanol). The ethanol can 
be removed by either evaporation at room temperature or 
heated the mixture to 50° C. One of the skills of the art is that 
the ethanol may not be needed to be removed before dosing to 
animal, if higher ratio of water to ethanol and therefore very 
small amount of ethanol is in the formulation. Consequently, 
the very small amount of ethanol in the formulation does not 
cause any adverse effect and is acceptable for administration. 
Therefore, with higher water/ethanol ratio, the removal of 
trace amount of ethanol in the formulation may not be nec- 
essary before administration in mammal. One of the skills in 
the art will understand that this mixing can take place by any 
number of methods, for example by mechanical means such 
as by using vortex mixers or injection pumps and stirred 
reactors. 
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This disclosure provides pharmaceutically acceptable 
nucleic acid compositions useful for therapeutic delivery of 
nucleic acids, DNA, RNA, plasmids, siRNA, miRNA, anti- 
sense nucleic acids, ribozymes, aptamers, antagomirs and 
gene-silencer. These compositions and methods may be used 
for prevention and/or treatment of diseases in a mammal. The 
novel method dramatically simplified the nucleic acid formu- 
lation process and composition of the description has greatly 
improved nucleic acid delivery efficiency to the cells. 

This disclosure provides pharmaceutically acceptable 
small molecule compositions useful for therapeutic delivery 
of small molecule (<1000 Da) such as taxol. These composi- 
tions and methods may be used for prevention and/or treat- 
ment of diseases in a mammal. The novel method dramati- 
cally simplified the small molecule formulation process and 
composition of the description has greatly improved small 
molecule delivery efficiency to the cells. 

Examples of hydrophobic lipids include molecules such as 
sterols, such as cholesterol, dioleoylphosphatidylethanola- 
mine, phytosterols such as campesterol, sitosterol, stigmas- 
terol and other hydrophobic lipids known in the art. 

Examples of polyethylene glycol (PEG)-linked glycerol 
lipids includes a PEG-linked 1,2-Dilauroyl-sn-glycerol 
(DLG); 1,2-Dimyristoyl-sn-glycerol (DMG); 1,2-Dipalmi- 
toyl-sn-glycerol (DPG); 1,2-Distearoyl-sn-glycerol (DSG). 

Examples of polyethylene glycol (PEG)-linked cholesterol 
and PEG-linked derivatives of cholesterol and PEG-linked 
phytosterols such as PEG-campesterol, PEG-sitosterol and 
PEG-stigmasterol. 

Examples of polyethylene glycol (PEG)-linked phospho- 
lipids include a PEG-linked DSPE-PEG, DOPE-PEG, cera- 
mide-PEG, PEG-phsphoethanolamine, and PEG-phosphoti- 
dylcholine. 

The neutral or zwitteronic lipids can be uses in formulation 
include but not limited to phosphatidyl ethanolamine, phos- 
phatidyl choline, phosphatidyl inositol and diphosphatidyl 
glycerol, such as 1,2-Dilauroyl-sn-glycerol (DLG); 1,2- 
Dimyristoyl-sn-glycerol (DMG); 1,2-Dipalmitoyl-sn-glyc- 
erol (DPG); 1,2-Distearoyl-sn-glycerol (DSG); 1,2-Dilau- 
royl-sn-glycero-3-phosphatidic acid (sodium salt; DLPA); 
1,2-Dimyristoyl-sn-glycero-3-phosphatidic acid (sodium 
salt; DMPA); 1,2-Dipalmitoyl-sn-glycero-3-phosphatidic 
acid (sodium salt; DPPA); 1,2-Distearoyl-sn-glycero-3-phos- 
phatidic acid (sodium salt; DSPA); 1,2-Diarachidoyl-sn- 
glycero-3-phosphocholine (DAPC); 1,2-Dilauroyl-sn-glyc- 
ero-3-phosphocholine (DLPC); 1,2-Dimyristoyl-sn-glycero- 
3-phosphocholine (DMPC); 1,2-Dipalmitoyl-sn-glycero-O- 
ethyl-3-phosphocholine (chloride or triflate; DPePC); 1,2- 
Dipalmitoyl-sn-glycero-3-phosphocholine (DPPC); 1,2- 
Distearoyl-sn-glycero-3-phosphocholine (DSPC), 1,2- 
Dilauroyl-sn-glycero-3-phosphoethanolamine (DLPE); 1,2- 
Dimyristoyl-sn-glycero-3-phosphoethanolamine (DMPE); 
1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamine 
(DPPE); 1,2-Distearoyl-sn-glycero-3-phosphoethanolamine 
(DSPE); 1,2-Dilauroyl-sn-glycero-3-phosphoglycerol (so- 
dium salt; DLPG); 1,2-Dimyristoyl-sn-glycero-3-phospho- 
glycerol (sodium salt; DMPG); 1,2-Dimyristoyl-sn-glycero- 
3-phospho-sn-1-glycerol (ammonium salt; DMP-sn-1-G); 
1,2-Dipalmitoyl-sn-glycero-3-phosphoglycerol (sodium 
salt; DPPG); 1,2-Distearoyl-sn-glycero-3-phosphoglycero 
(sodium salt; DSPG); 1,2-Distearoyl-sn-glycero-3-phospho- 
sn-1-glycerol (sodium salt; DSP-sn-1-G); 1,2-Dipalmitoyl- 
sn-glycero-3-phospho-L-serine (sodium salt; DPPS); 
1-Palmitoyl-2-linoleoyl-sn-glycero-3-phosphocholine (PLi- 
noPC) 1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine 
(POPC)  1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphoglyc- 
erol (sodium salt; POPG); 1-Palmitoyl-2-oleoyl-sn-glycero- 
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3-phosphoglycerol (sodium salt; POPG); 1-Palmitoyl-2-ole- 
oyl-sn-glycero-3-phosphoglycerol (ammonium salt; POPG); 
]-Palmitoyl-2-4-o-sn-glycero-3-phosphocholine (P-lyso- 
PC); 1-Stearoyl-2-lyso-sn-glycero-3-phosphocholine 
(S-lyso-PC); 1,2-didocosahexaenoyl-sn-glycero-3-phospho- 
ethanolamine (22:6 PE); 1,2-diarachidonoyl-sn-glycero-3- 
phosphoethanolamine (20:4 PE); 1,2-dilinolenoyl-sn-glyc- 
ero-3-phosphoethanolamine (18:3 PE); 1,2-dilinoleoyl-sn- 
glycero-3-phosphoethanolamine (ОРЕ) 1,2-dipalmitoyl- 
sn-glycero-3-phosphoethanolamine (DPPE); 1,2-distearoyl- 
sn-glycero-3-phosphoethanolamine (DSPE); 1,2- 
dimyristoyl-sn-glycero-3-phosphoethanolamine | (DMPE); 
and mixtures thereof. 

Another embodiment is the formulation consisting of a 
variety of ratios of above compositions, preferrably, 1 part 
polynucleotide/3.85 parts lipomacrocycle (any one of 
lipomacrocycle listed in table 1, 2 апаз or known in arts)/0.42 
parts DSPC/0.21 parts DMG-PEG 2000/0.79 parts choles- 
terol (weight/weight). Another embodiment is the formula- 
tion consisting of 1 part polynucleotide/3.85 parts lipomac- 
rocycle (any one of lipomacrocycles listed in table 1 and 2 or 
known in arts)/0.42 parts DSPC/0.21 parts DSG-PEG 2000/ 
0.79 parts cholesterol (weight/weight). Another embodiment 
is the formulation consisting of 1 part polynucleotide/3.85 
parts lipomacrocycle (any one of lipoaimne listed in table 1, 
2 and 3 or known in arts)/0.42 parts DSPC/0.21 parts DPG- 
PEG 2000/0.79 parts cholesterol (weight/weight). Another 
embodiment is the formulation consisting of 1 part poly- 
nucleotide/3.85 parts lipomacrocycle (any one of lipomacro- 
cycle listed in table 1, 2 and 3 or known in arts)/0.42 parts 
DLinPE/0.21 parts DMG-PEG 2000/0.79 parts cholesterol 
(weight/weight). Another embodiment is the formulation 
consisting of 1 part polynucleotide/3.85 parts lipomacrocycle 
(any one of lipoaimne listed in table 1 and 2 or known in 
arts)/0.42 parts DLinPE/0.21 parts DSG-PEG 2000/0.79 
parts cholesterol (weight/weight). Another embodiment is the 
formulation consisting of 1 part polynucleotide/3.85 parts 
lipomacrocycle (any one of ipoazamacrocycle listed in table 
1 and 2 or known in arts)/0.42 parts DLinPE/0.21 parts DPG- 
PEG 2000/0.79 parts cholesterol (weight/weight). Another 
embodiment is the formulation consisting of 1 part poly- 
nucleotide/2 parts DOTMA/6.6 parts lipomacrocycle (any 
one of lipomacrocycle listed in table 1 and 2 or known in 
arts)/2.2 parts DLinPE/14.4 parts DSPE-PEG 2000/0.6 parts 
cholesterol (weight/weight). Another embodiment is the for- 
mulation consisting of 1 part polynucleotide/5.5 parts 
lipomacrocycle (any one of lipomacrocycle s listed in table 1 
and 2 or known in arts)/0.6 parts DLinPE/0.3 parts DSPE- 
PEG 2000/1.13 parts cholesterol (weight/weight). 

This disclosure provides pharmaceutically acceptable 
nucleic acid compositions useful for therapeutic delivery of 
nucleic acids, plasmids, antisense nucleic acids, ribozymes, 
aptamers, antagomirs, siRNA, miRNA, gene-silencing iNAs 
and mixtures thereof. These compositions and methods may 
be used for prevention and/or treatment of diseases in a mam- 
mal. 

The claimed lipid/nucleic acid formulations can be made 
by mixing lipids with nucleic acid, upon mixing with the 
lipids produce nucleic acid-lipid complexes that can be 
administered to animal for gene therapies using plasmid DNA 
as the nucleic acid, or for down-regulating a gene using anti- 
sense, ribozymes, antagomirs, siRNA, miRNA, iNA, or to 
inhibit other conditions using aptamers as the nucleic acid. 

The present description provides another set of formula- 
tions and another method of formulation making. This dis- 
closure also provides compositions and formulations for 
intracellular and in vivo delivery of drug agents for use, 
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ultimately, as a therapeutic. The compounds and composi- 
tions of this disclosure are useful for delivery of drug agents 
to selected cells, tissues, organs or compartments in order to 
alter a disease state or a phenotype. 

In some aspects, this disclosure provides compounds, com- 
positions and methods to deliver polynucleotides such as 
DNA, RNA, antisense, aptamer, antagamer, plasmid, inter- 
fering nucleic acid (iNA), ribozyme, siRNA, microRNA 
(miRNA) to animal, tissues, organs, or/and cells to produce 
the response of down-regulation or up-regulation of gene 
expression. 

One aspect of the description is a composition consisting of 
solid mixture of cationic lipids and a polynucleotide, wherein 
the cationic lipid molecules form a water-insoluble ionic 
complex with the polynucleotide, and wherein the number of 
cationic lipids is near the same as the number of nucleotide 
monomers of the polynucleotide. An embodiment of the 
description is the composition in which the cationic lipid is 
selected from the group consisting of N,N-dioleyl-N,N-dim- 
ethylammonium chloride (DODAC); N-(1-(2,3-dioleyloxy) 
propyl)-N,N,N-trimethylammonium chloride (DOTMA); 
N,N-dimethyl-(2,3-dioleyloxy)propylamine (“DODMA”); 
N,N-distearyl-N,N-dimethylammonium bromide 
(“DDAB”); N-(1-(2,3-dioleoyloxy)propyl)-N,N,N-trimethy- 
lammonium chloride (“ООТАР”); 3-(N—(N',N'-dimethy- 
laminoethane)-carbamoyl)cholesterol (DC-Chol); N-(1,2- 
dimyristyloxyprop-3-y1)-N,N-dimethyl-N-hydroxyethyl 
ammonium bromide (“DMRIE”); 1,2-Dilinoleyloxy-N,N- 
dimethylaminopropane (DLinDMA); and 1,2-Dilinoleny- 
loxy-N,N-dimethylaminopropane (DLenDMA), dioctade- 
cyldimethylammonium (DODMA), 
distearyldimethylammonium (DSDMA), 1,2-dilinoleyloxy- 
N,N-dimethylaminopropane (DLinDMA), 1,2-dilinoleny- 
loxy-N,N-dimethylaminopropane (DLenDMA), N*-sper- 
mine cholesteryl carbamate (GL-67), N*-spermidine 
cholestryl carbarnate (GL-53), 1-(N*-spermine)-2,3-dilau- 
rylglycerol carbamate (GL-89) and mixtures thereof. Most 
preferably, the lipid is selected from the group consisting of 
DOTAP, DODAP, DLinDMA, DC-Chol, and DOTMA. 
Another aspect of the description is the composition in which 
the nucleic acid is selected from the group consisting of DNA, 
RNA, antisense, aptamer, antagamer, plasmid, iNA, 
ribozyme, siRNA, microRNA (miRNA), and mixtures 
thereof. Preferably, the composition is in the form of an 
anhydrous solid. 

Another aspect of the description is the composition in 
which the mixture is made by a process of combining a 
cationic lipid with a polynucleotide in an aqueous solvent, 
producing a water-insoluble precipitate, isolating the precipi- 
tate, and drying the precipitate. One embodiment is the com- 
position that is capable of being solubilized in an organic or 
polar aprotic solvent. Then, the dissolved polynucleotide/ 
cationic lipid complex in an organic solvent can be further 
mixed with one or more lipids for making formulations. After 
removing the organic solvent, the dry formulation can be 
administrated to animals after hydration or dissolved in 
organic solvent which is not toxic to animal. 

Another aspect of the description is a formulation compris- 
ing any of the above compositions and a phospholipid 
selected from the group consisting of phosphatidyl ethanola- 
mine, phosphatidyl choline, sphinogomyelin and phosphati- 
dyl inositol. The lipids can be uses in formulation include but 
not limited to phosphatidyl ethanolamine, phosphatidyl cho- 
line, phosphatidyl inositol and diphosphatidyl glycerol, such 
as 1,2-Dilauroyl-sn-glycerol (DLG); 1,2-Dimyristoyl-sn- 
glycerol (DMG); 1,2-Dipalmitoyl-sn-glycerol (DPG); 1,2- 
Distearoyl-sn-glycerol (DSG); 1,2-Dilauroyl-sn-glycero-3- 
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phosphatidic acid (sodium salt; DLPA); 1,2-Dimyristoyl-sn- 
glycero-3-phosphatidic acid (sodium salt; DMPA); 1,2- 
Dipalmitoyl-sn-glycero-3-phosphatidic acid (sodium salt; 
DPPA); 1,2-Distearoyl-sn-glycero-3-phosphatidic acid (so- 
dium salt; DSPA); 1,2-Diarachidoyl-sn-glycero-3-phospho- 
choline (DAPC); 1,2-Dilauroyl-sn-glycero-3-phosphocho- 
line (DLPC); 1,2-Dimyristoyl-sn-glycero-3-phosphocholine 
(DMPC); 1,2-Dipalmitoyl-sn-glycero-O-ethyl-3-phospho- 
choline (chloride or triflate; DPePC); 1,2-Dipalmitoyl-sn- 
glycero-3-phosphocholine (DPPC); 1,2-Distearoyl-sn-glyc- 
ero-3-phosphocholine (DSPC); 1,2-Dilauroyl-sn-glycero-3- 
phosphoethanolamine (DLPE); 1,2-Dimyristoyl-sn-glycero- 
3-phosphoethanolamine (DMPE);  1.2-Dipalmitoyl-sn- 
glycero-3-phosphoethanolamine (DPPE); 1,2-Distearoyl-sn- 
glycero-3-phosphoethanolamine (DSPE); 1,2-Dilauroyl-sn- 
glycero-3-phosphoglycerol (sodium salt; DLPG); 1,2- 
Dimyristoyl-sn-glycero-3-phosphoglycerol (sodium salt; 
DMPG); 1,2-Dimyristoyl-sn-glycero-3-phospho-sn-1 -glyc- 
erol (ammonium salt; DMP-sn-1-G); 1,2-Dipalmitoyl-sn- 
glycero-3-phosphoglycerol (sodium salt; DPPG); 1,2-Dis- 
tearoyl-sn-glycero-3-phosphoglycero (sodium salt; DSPG); 
1,2-Distearoyl-sn-glycero-3-phospho-sn-1 glycerol (sodium 
salt; DSP-sn-1-G); 1,2-Dipalmitoyl-sn-glycero-3-phospho- 
L-serine (sodium salt; DPPS); 1-Palmitoyl-2-linoleoyl-sn- 
glycero-3-phosphocholine (PLinoPC); 1-Palmitoyl-2-ole- 
oyl-sn-glycero-3-phosphocholine (POPC); 1-Palmitoyl-2- 
oleoyl-sn-glycero-3-phosphoglycerol (sodium salt; POPG); 
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphoglycerol (50- 
dium salt; POPG); 1-Palmitoyl-2-oleoyl-sn-glycero-3-phos- 
phoglycerol (ammonium salt; POPG); 1-Palmitoyl-2-4-o-sn- 
glycero-3-phosphocholine (P-lyso-PC); 1-Stearoyl-2-lyso- 
sn-glycero-3-phosphocholine (S-lyso-PC); 1,2- 
didocosahexaenoyl-sn-glycero-3-phosphoethanolamine 
(22:6 PE); 1,2-diarachidonoyl-sn-glycero-3-phosphoethano- 
lamine (20:4 PE); 1,2-dilinolenoyl-sn-glycero-3-phosphoet- 
hanolamine (18:3 PE); 1,2-dilinoleoyl-sn-glycero-3-phos- 
phoethanolamine (DlinPE) 1,2-dipalmitoyl-sn-glycero-3- 
phosphoethanolamine (DPPE); 1,2-distearoyl-sn-glycero-3- 
phosphoethanolamine (DSPE); 1,2-dimyristoyl-sn-glycero- 
3-phosphoethanolamine (DMPE); and mixtures thereof. 

Another aspect ofthe description is a formulation compris- 
ing any of the above compositions, and a PEG linked lipid, 
preferably a PEG-linked cholesterol, most preferably in 
which the PEG has a molecular weight between 200 and 5000 
Da 

Another aspect ofthe description is a formulation compris- 
ing the any of the above compositions, and 1,2-dioleoyl-sn- 
glycero-3-phosphoethanolamine, cholesterol, and C16 
PEG750 ceramide 1,2-dilinoleoyl-sn-glycero-3-phosphoet- 
hanolamine, cholesterol, and cholesterol-PEG; and 1,2-dili- 
noleoyl-sn-glycero-3-phosphoethanolamine, cholesterol, 
and DSPE-PEG 2000; 1,2-dilinoleoyl-sn-glycero-3-phos- 
phoethanolamine, cholesterol, and DOPE-PEG 2000; or 1,2- 
dilinoleoyl-sn-glycero-3-phosphoethanolamine, cholesterol, 
cholesterol-PEG 660, and DSPE-PEG 2000 

The compositions and methods of the disclosure may be 
administered to subjects by a variety of mucosal administra- 
tion modes, including by oral, rectal, vaginal, intranasal, 
intrapulmonary, or transdermal or dermal delivery, or by topi- 
cal delivery to the eyes, ears, skin or other mucosal surfaces. 
In some aspects of this disclosure, the mucosal tissue layer 
includes an epithelial cell layer. The epithelial cell can be 
pulmonary, tracheal, bronchial, alveolar, nasal, buccal, epi- 
dermal, or gastrointestinal. Compositions of this disclosure 
can be administered using conventional actuators such as 
mechanical spray devices, as well as pressurized, electrically 
activated, or other types of actuators. 
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Compositions of this disclosure may be administered in an 
aqueous solution as a nasal or pulmonary spray and may be 
dispensed in spray form by a variety of methods known to 
those skilled in the art. Pulmonary delivery of a composition 
of this disclosure is achieved by administering the composi- 
tion in the form of drops, particles, or spray, which can be, for 
example, aerosolized, atomized, or nebulized. Particles of the 
composition, spray, or aerosol can be in a either liquid or solid 
form. Preferred systems for dispensing liquids as a nasal 
spray are disclosed in U.S. Pat. No. 4,511,069. Such formu- 
lations may be conveniently prepared by dissolving compo- 
sitions according to the present disclosure in water to produce 
an aqueous solution, and rendering said solution sterile. The 
formulations may be presented in multi-dose containers. 
Additional aerosol delivery forms may include, e.g., com- 
pressed air-, jet-, ultrasonic-, and piezoelectric nebulizers, 
which deliver the biologically active agent dissolved or sus- 
pended in a pharmaceutical solvent, e.g., water, ethanol, or 
mixtures thereof. 

Nasal and pulmonary spray solutions of the present disclo- 
sure typically comprise the drug or drug to be delivered, 
optionally formulated with a surface active agent, such as a 
nonionic surfactant (e.g., polysorbate-80), and one or more 
buffers. In some embodiments of the present disclosure, the 
nasal spray solution further comprises a propellant. The pH of 
the nasal spray solution may be from about pH 6.8 to 7.2. The 
pharmaceutical solvents employed can also be a slightly 
acidic aqueous buffer of pH 4-6. Other components may be 
added to enhance or maintain chemical stability, including 
preservatives, surfactants, dispersants, or gases. 

In some embodiments, this description is a pharmaceutical 
product which includes a solution containing a composition 
of this disclosure and an actuator fora pulmonary, mucosal, or 
intranasal spray or aerosol. The dosage form of the composi- 
tion of this description can be liquid, in the form of droplets or 
an emulsion, or in the form of an aerosol. The dosage form of 
the composition of this description can be solid, which can be 
reconstituted in a liquid prior to administration. The solid can 
be administered as a powder. The solid can be in the form of 
a capsule, tablet or gel. 

To formulate compositions for pulmonary delivery within 
the present description, the biologically active agent can be 
combined with various pharmaceutically acceptable addi- 
tives, as well as a base or carrier for dispersion of the active 
agent(s). Examples of additives include pH control agents 
such as arginine, sodium hydroxide, glycine, hydrochloric 
acid, citric acid, and mixtures thereof. Other additives include 
local anesthetics (e.g., benzyl ethanol), isotonizing agents 
(e.g., sodium chloride, mannitol, sorbitol), adsorption inhibi- 
tors (e.g., Tween 80), solubility enhancing agents (e.g., cyclo- 
dextrins and derivatives thereof), stabilizers (e.g., serum albu- 
min), and reducing agents (e.g., glutathione). When the 
composition for mucosal delivery is a liquid, the tonicity of 
the formulation, as measured with reference to the tonicity of 
0.9% (w/v) physiological saline solution taken as unity, is 
typically adjusted to a value at which no substantial, irrevers- 
ible tissue damage will be induced in the mucosa at the site of 
administration. Generally, the tonicity of the solution is 
adjusted to a value of about 1^ to 3, more typically 1⁄2 to 2, and 
most often %4 to 1.7. 

The biologically active agent may be dispersed in a base or 
vehicle, which may comprise a hydrophilic compound having 
a capacity to disperse the active agent and any desired addi- 
tives. The base may be selected from a wide range of suitable 
carriers, including but not limited to, copolymers of polycar- 
boxylic acids or salts thereof, carboxylic anhydrides (e.g. 
maleic anhydride) with other monomers (e.g., methyl(meth) 
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acrylate, acrylic acid, etc.), hydrophilic vinyl polymers such 
as polyvinyl acetate, polyvinyl ethanol, polyvinylpyrroli- 
done, cellulose derivatives such as hydroxymethylcellulose, 
hydroxypropylcellulose, etc., and natural polymers such as 
chitosan, collagen, sodium alginate, gelatin, hyaluronic acid, 
and nontoxic metal salts thereof. Often, a biodegradable poly- 
mer is selected as a base or carrier, for example, polylactic 
acid, poly(lactic acid-glycolic acid) copolymer, polyhy- 
droxybutyric acid, poly(hydroxybutyric acid-glycolic acid) 
copolymer and mixtures thereof. Alternatively or addition- 
ally, synthetic fatty acid esters 4 such as polyglycerin fatty 
acid esters, sucrose fatty acid esters, etc., can be employed as 
carriers. Hydrophilic polymers and other carriers can be used 
aloneorin combination, and enhanced structural integrity can 
be imparted to the carrier by partial crystallization, ionic 
bonding, crosslinking and the like. The carrier can be pro- 
vided in a variety of forms, including, fluid or viscous solu- 
tions, gels, pastes, powders, microspheres and films for direct 
application to the nasal mucosa. The use of a selected carrier 
in this context may result in promotion of absorption of the 
biologically active agent. 

Formulations for mucosal, nasal, or pulmonary delivery 
may contain a hydrophilic low molecular weight compound 
asa baseorexcipient. Such hydrophilic low molecular weight 
compounds provide a passage medium through which a 
water-soluble active agent, such as a physiologically active 
peptide or protein, may diffuse through the base to the body 
surface where the active agent is absorbed. The hydrophilic 
low molecular weight compound optionally absorbs moisture 
from the mucosa or the administration atmosphere and dis- 
solves the water-soluble active peptide. The molecular weight 
ofthe hydrophilic low molecular weight compound is gener- 
ally not more than 10,000 and preferably not more than 3000. 
Examples of hydrophilic low molecular weight compounds 
include polyol compounds, such as oligo-, di- and monosac- 
carides including sucrose, mannitol, lactose, L-arabinose, 
D-erythrose, D-ribose, D-xylose, D-mannose, D-galactose, 
lactulose, cellobiose, gentibiose, glycerin, polyethylene gly- 
col, and mixtures thereof. Further examples of hydrophilic 
low molecular weight compounds include N-methylpyrroli- 
done, ethanols (e.g., oligovinyl ethanol, ethanol, ethylene 
glycol, propylene glycol, etc.), and mixtures thereof. 

The compositions of this disclosure may alternatively con- 
tain as pharmaceutically acceptable carriers substances as 
required to approximate physiological conditions, such as pH 
adjusting and buffering agents, tonicity adjusting agents, and 
wetting agents, for example, sodium acetate, sodium lactate, 
sodium chloride, potassium chloride, calcium chloride, sor- 
bitan monolaurate, triethanolamine oleate, and mixtures 
thereof. For solid compositions, conventional nontoxic phar- 
maceutically acceptable carriers can be used which include, 
for example, pharmaceutical grades of mannitol, lactose, 
starch, magnesium stearate, sodium saccharin, talcum, cellu- 
lose, glucose, sucrose, magnesium carbonate, and the like. 

In certain embodiments of the disclosure, the biologically 
active agent may be administered in a time release formula- 
tion, for example in a composition which includes a slow 
release polymer. The active agent can be prepared with car- 
riers that will protect against rapid release, for example a 
controlled release vehicle such as a polymer, microencapsu- 
lated delivery system or bioadhesive gel. Prolonged delivery 
of the active agent, in various compositions of the disclosure 
can be brought about by including in the composition agents 
that delay absorption, for example, aluminum monosterate 
hydrogels and gelatin. 

While this disclosure has been described in relation to 
certain embodiments, and many details have been set forth for 
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purposes of illustration, it will be apparent to those skilled in 
the art that this disclosure includes additional embodiments, 
and that some of the details described herein may be varied 
considerably without departing from this disclosure. This 
disclosure includes such additional embodiments, modifica- 
tions and equivalents. In particular, this disclosure includes 
any combination of the features, terms, or elements of the 
various illustrative components and examples. 

While this description has been described in relation to 
certain embodiments, and many details have been set forth for 
purposes of illustration, it will be apparent to those skilled in 
the art that this description includes additional embodiments, 
and that some of the details described herein may be varied 
considerably without departing from this description. This 
description includes such additional embodiments, modifica- 
tions and equivalents. In particular, this description includes 
any combination of the features, terms, or elements of the 
various illustrative components and examples. 


I. EXAMPLES 


The following methods illustrate production of certain of 
the cationic lipids of the description. Those skilled in the art 
will recognize other methods to produce these compounds, 
and to produce also the other compounds of the description. 


Example 1 
Synthesis of Lipomacrocycle Compounds 


Lipomacrocycle compounds were synthesized by combin- 
ing cyclic amine compounds with epoxides in a glass vial 
equipped with a stirbar without solvents and heated to 90? C. 
The amines-sterol compounds chosen contain between two 
and ten amine functionalities, while the epoxides include 
varying chain lengths and feature unique functional groups 
and varying degrees of saturation of aliphatic chains and 
polyethylene glycol (PEG-2000). The reaction times varied 
from 24-72 hours at this temperature. The extent of the reac- 
tion could be controlled by the number of equivalents of 
epoxide added to the reaction mixture. For example, if the 
cyclic compound consists of six amines, then addition of six 
equivalents of epoxide would yield a cyclic compound core 
with six alkane chains linked. Addition of four equivalents of 
epoxide would yield only four chains linked by the same 
structure and other two points can be linked with one choles- 
terol and one PEG moiety separately or two cholesterol moi- 
eties. This was verified by thin layer chromatography (TLC), 
which showed primarily one product existing in the crude 
reaction mixtures set up as described. 

Cholesterol carbamate formed by methods of ordinary skill 
was added to a cold stirring solution containing amine and 
triethylamine in chloroform. After stirring overnight at room 
temperature, the synthesized compound was extracted. The 
extracted compounds were further reacted with epoxides in a 
glass vial equipped with a stirbar without solvents and heated 
to 90? C. The amines chosen contain between two and eight 
amine functionalities, while the epoxides include varying 
chain lengths and feature unique functional groups and vary- 
ing degrees of saturation of aliphatic chains and polyethylene 
glycol. The reaction times varied from 24-72 hours at this 
temperature. The extent ofthe reaction could be controlled by 
the number of equivalents of epoxide added to the reaction 
mixture. For example, one amine has a maximum of six 
points for substitution. Addition of six equivalents of epoxide 
would yield an amine core with six alkane chains linked. 
Addition of four equivalents of epoxide would yield only four 
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chains linked by the same structure and other two points can 
be linked with one cholesterol and one PEG moiety or two 
cholesterol moieties. This was verified by thin layer chroma- 
tography (TLC), which showed primarily one product exist- 
ing in the crude reaction mixtures set up as described. 


Example 3 


Preparation of Liposomes 


Each liposome formulation was made by mixing lipids of 
each lipomacrocycle compound (Table 1) combined with 
DSPC, DMG-PEG 2K, and cholesterol at the weight ratio of 
3.85:0.42:0.21:0.79 in ethanol and siRNA in water. Then 5% 
dextrose water was added in each formulation before dosing 
to mice. 


Example 4 


Preparation of Lipid Particles 


Lipid Particle formulations were made by first mixed 
siRNA in an aqueous solution with DOTMA in organic sol- 
vent to produce a water-insoluble precipitate. After isolating 
and drying the precipitate, the precipitate was dissolved in 
chloroform and further mixed with other lipids as following: 
Each lipid particle formulation was consisting of 1 part 
DOTMA+siRNA complex/5 parts any lipomacrocycle com- 
pound (Table 1)/1.5 parts N 6-tetrakis (3-aminopropyl)-1,3- 
propanediamine cholesteryl carbamate/2.2 parts 1,2-dilino- 
leoyl-sn-glycero-3-phosphoethanolamine/10.08 parts 
cholesterol PEG-660/4.32 parts cholesterol PEG-660/0.6 
parts cholesterol (weight/weight). All the components were 
dissolved in chloroform and mixed together. Then, the mix- 
tures were dried overnight in Speedvac. The dried formula- 
tions were hydrated by adding in certain amount of 596 dex- 
trose water before dosing to animals intravenously. 


Example 5 


In Vivo Gene Knockdown 


All procedures used in animal studies conducted were 
approved by the Institutional Animal Care and Use Commit- 
tee (LACUC) and were consistent with local, state and federal 
regulations as applicable. Mice, rats, and rabbits received 
siRNA formulations intravenously at dose volume of 0.2 ml, 
] ml, or 10 ml, respectively. Animals were sacrificed 2 to 7 
days later. Tissues were harvested and mRNA was isolated 
with Turbocapture kit (Qiagen) for analyzing change of gene 
expression with real-time RT-PCR method (SensiMix SYBR 
One-Step Kit, Bioline). Serum was harvested for analyzing 
blood chemistry. 


CD1 mice were dosed with lipid particle (Table 1) or lipo- 
some (Table 2) siRNA formulation intravenousely and the 
different tissues were harvested three days later. The gene 
expression was analyzed with real-time RT-PCR method (for 
liver, GAPDH as reference gene; for lung and bone marrow, 
GAPDG and f-actin as reference genes). 


a 


5 


20 


25 


40 


45 


50 


44 
TABLE 1 


Results of testing lipid particles prepared as in Example 4 





dose TargetedmRNA 
Compound siRNA (mg/kg) remain in Liver 
B1C1 APOB 0.8 0.82 
Blchl APOB 3 0.86 
B1Ch1C1 SSB 3.2 0.68 
Blch1C3 APOB 3 0.12 
BIChIC3A APOB 3 0.65 
B1Ch2C1 SSB 3.2 0.59 
B1Ch2C2 SSB 3 0.66 
B1Ch2C3 SSB 3 0.43 
B1Ch2C3A APOB 3 0.48 
B2C1 APOB 0.8 0.52 
B2C3 APOB 0.8 1.01 
B2Ch2C1 SSB 3.2 0.49 
B2Ch2C3 SSB 3 0.42 
B2Ch2C3A APOB 3 0.95 
D1C1 APOB 1 0.14 
Dichl APOB 3 0.92 
Dich1C3 APOB 3 0.19 
Dich1C3A APOB 3 0.57 
M10C1 SSB 3.2 0.06 
M10C1 APOB 1 0.14 
M10C3 SSB 3 0.43 
M10C4 SSB 3 0.63 
M10C5 APOB 1 0.61 
M10C6 POB 1 0.48 
M10C7 APOB 1 0.39 
M10C8 APOB 1 0.06 
M10ch1 POB 3 0.39 
M10ch1C3 POB 3 0.21 
M10ch1C3A POB 3 0.30 
M11C1 APOB 1 0.24 
Mlichl POB 3 0.94 
M11ch1C3 POB 3 0.18 
M11ch1C3A POB 3 0.82 
M1C1 SSB 32 0.55 
M1C7 SSB 3.2 0.35 
Michl POB 3 0.80 
Mich1C3 POB 3 0.15 
MIch1C3A APOB 3 0.70 
М2С1 SSB 3.2 0.43 
M2C7 SSB 3.2 0.91 
M2chl POB 3 0.64 
M2ch1C3 APOB 3 0.17 
M2ch1C3A APOB 3 0.94 
M3C1 SSB 3.2 0.19 
M3C4 SSB 3:2 0.15 
M3C6 SSB 3.2 0.2 
M3C7 SSB 3.2 0.39 
M3ch1 APOB 3 1.13 
M3ch1C3 APOB 3 0.14 
M3ch1C3A APOB 3 0.72 
МАСІ SSB 3.2 0.3 
M4C7 SSB 3.2 0.75 
M4ch1 APOB 3 0.93 
M4ch1C3 APOB 3 0.22 
M4ch1C3A APOB 1 0.72 
M6C1 SSB 3.2 0.64 
Móchl APOB 3 0.86 
Móch1C3 APOB 3 0.20 
М7С1 SSB 3.2 0.21 
M8C1 SSB 3.2 0.18 
MS8chl APOB 3 0.92 
M8ch1C3 APOB 3 0.41 
M8ch1C3A APOB 3 0.93 
M9C1 SSB 3.2 0.2 
MdCh1C1 SSB 3.2 0.41 
MdCh1C2 SSB 3.2 0.49 
MdCh1C3 APOB 1 0.62 
MdCh1C3 APOB 1.5 0.38 
MdCh1C3 SSB 32 0.27 
MdChi1C4 SSB 3.2 0.54 
MdCh1C5 SSB 3.2 0.39 
MdCh1C6 SSB 3.2 0.31 
MdCh1C7 SSB 3.2 0.56 
MdCh2C1 SSB 3.2 0.69 
MdCh2C3A APOB 3 0.57 


US 9,233,971 B2 


45 
TABLE 1-continued 


Results of testing lipid particles prepared as in Example 4 



































dose Targeted mRNA 
Compound siRNA (mg/kg) remain in Liver 
NsC1 APOB 0.8 0.46 
Nschl APOB 3 0.84 
NsCh1C1 APOB 0.8 0.67 
NsCh1C2 APOB 0.8 0.73 
Nsch1C3 APOB 0.8 0.92 
Nsch1C3 APOB 3 0.12 
NschlC3A APOB 3 0.32 
NsCh1C4 APOB 0.8 0.88 
NsCh1C6 APOB 0.8 0.87 
S1Ch1C1 SSB 3.2 0.17 
S1Ch1C2 APOB is 0.11 
S1Ch1C3 SSB 3 0.31 
S1Ch1C4 SSB 3 0.72 
SCh1C3A APOB 3 0.47 
T1C1 APOB 1 0.31 
T1C7 SSB 33 0.48 
ТІС8 APOB 1 0.85 
Т1сһ1 АРОВ 3 1.13 
Tlch1C3 APOB 3 0.18 
ТІСҺІСЗА APOB 3 0.81 
T2C1 SSB 3:2 0:21 
T2C4 SSB 3.2 1.22 
T2C6 SSB 3.2 0.86 
T2C7 SSB 3.2 0.59 
T2chl APOB 3 0.57 
T2chic3 APOB 3 0.35 
T2ch1C3A APOB 3 1.12 
T3C1 SSB 3.2 0.18 
T3C4 SSB 3.2 0.3 
T3C6 SSB 3:2 0.18 
T3C7 SSB 3.2 0.11 
T3Ch1C1 SSB 3.2 0.19 
T3Ch1C1A APOB 0.8 0.83 
T3Ch1C2 SSB 3 0.61 
T3Ch1C2A APOB 0.8 0.72 
T3Ch1C3 SSB 3 0.36 
T3Ch1C3A APOB 3 0.36 
T3Ch1C4A APOB 0.8 0.81 
T3Ch1C6A APOB 0.8 0.69 
T3Ch2C1 SSB 3.2 0.33 
T3Ch2C2 SSB 3.2 0.19 
T3Ch2C3 APOB 1 0.45 
T3Ch2C3 SSB 3.2 0.19 
T3Ch2C3A APOB 3 0.62 
T3Ch2C4 SSB 3.2 0.34 
T3Ch2C5 SSB 32 0.62 
T3Ch2C6 SSB 32 0.6 
T3Ch2C7 SSB 32 0.58 
T4C1 SSB 3:2 0.1 
T4C2 SSB 3.2 0.29 
T4C4 SSB 3.2 0.19 
T4C5 SSB 32 0.35 
T4C6 SSB 3.2 0.19 
T4C7 SSB 3.2 0.2 
T4Ch1C1 APOB 1 0.32 
T4Ch1C1 SSB 3:2 0.24 
T4Ch1C2 SSB 3 0.30 
T4Ch1C3 SSB 3 0.32 
T4Ch1C3A APOB 3 0.37 
T4Ch1C4 SSB 3 0.54 
T4Ch2C1 SSB 3.2 0.2 
T4Ch2C1A APOB 0.8 0.71 
T4Ch2C2 SSB 3 0.44 
T4Ch2C2A APOB 0.8 0.71 
T4Ch2C3 SSB 3 0.32 
T4Ch2C3A APOB 3 0.35 
T4Ch2C4A APOB 0.8 0.71 
T4Ch2C6A APOB 0.8 0.71 
T5chl APOB 3 0.39 
TS5ChIC1A APOB 0.8 0.59 
T5Ch1C2A APOB 0.8 0.93 
T5ch1C3 APOB 3 0.26 
T5ch1C3A APOB 3 0.59 
T5Ch1C4A APOB 0.8 1.02 
T5Ch1C6A APOB 0.8 0.92 
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TABLE 1-continued 


Results of testing lipid particles prepared as in Example 4 


dose Targeted mRNA 

Compound siRNA (mg/kg) remain in Liver 
T5ch2 APOB 2.5 0.52 
TaC1 APOB 0.8 0.81 





The 1st letter such as B1, B2 designate the head group. The 
last letter such as C1, C2 designate the tail group. The letter 
chl or ch2 indicates the compound has one or two cholesterol. 
The compound such as B1Ch1C1 and B2ch2C1 designates 
that the head B1 or B2 is linked with one or two cholesterol 
and all the remain reaction sites filled with tail C1. The com- 
pound such as BICh1C1A and B2ch2C1A designates that the 
head B1 or B2 is linked with one or two cholesterol and one 
C1 tail. 

Based on the results of Table 1, the performance ofthe lipid 
molecules are ranked as follows: 

Head group selection from 1 (best) to 4 (fair): 

1. D1, T1, M10, 

2. B1, $1, T3, T4, MI, M3, МИ 

3. B1, Ns, Md, T2, T5, M2, M4, M6, M7, M8, M9, 

4. B2 
Tail group selection: 

Best: C1, C2, C3, C4, C6, C7, C8, Cholesterol. 

Fair: C5 
The best compounds are M10C1, M10C8, ТІСІ, and ІСІ. 


TABLE 2 





Results of testing liposomal formulation prepared as in Example 3 








Targeted 
dose mRNA remain 
Compound siRNA (mg/kg) in liver 
B1C1 SSB 3.2 0.13 
B1C2 SSB 3.2 0.68 
B1C3 SSB 3.2 0.12 
B1C4 SSB 3.2 0.11 
B1C5 SSB 3.2 0.36 
B1C6 SSB 3.2 0.13 
B1C7 SSB 3.2 0.14 
B2C1 SSB 3.2 0.06 
B2C2 SSB 3:2 0.36 
B2C3 SSB 3:2 0.11 
B2C4 SSB 3.2 0.11 
B2C5 SSB 3:2, 0.14 
B2C6 SSB 3:2 0.08 
B2C7 SSB 3.2 0.06 
D1C1 SSB 3:2; 0.08 
D1C2 SSB 3:2 0.11 
D1C3 SSB 3:2 0.18 
D1C4 SSB 3.2 0.14 
D1C5 SSB 22 0.28 
D1C6 SSB 32 0.27 
D1C7 SSB 3.2: 0.52 
M10C1 SSB 3:2 0.07 
M11C1 SSB 3:2 0.19 
MICI SSB 3:2 0.89 
M1C2 SSB 3:2. 0.67 
M1C3 SSB 32 0.64 
M1C4 SSB 3:2. 0.54 
М1С5 SSB 3:2 0.6 
MIC6 SSB 3.2 0.57 
MIC7 SSB 3:2 0.47 
M2C1 SSB 3:2 0.31 
M2C2 SSB 3:2 0.2 
M2C3 SSB 3.2 0.18 
M2C4 SSB 3.2 0.33 
M2CS SSB 3.2 0.87 
M2C6 SSB 3.2 0.92 


Results of testing liposomal formulation prepared as in Example 3 


Compound 


M2C7 
M3C1 
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dose 
(mg/kg) 


US 9,233,971 B2 


Targeted 
mRNA remain 
in liver 


0.63 
0.81 
0.62 
0.28 
0.67 
0.58 
0.45 
1.13 
0.96 
0.95 
0.9 

0.88 
0.94 
0.79 
0.86 
0.98 
0.8 

0.49 
0.75 
0.63 
0.8 

0.77 
0.27 


0.3 
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TABLE 2-continued 


Results of testing liposomal formulation prepared as in Example 3 


Targeted 
dose mRNA remain 
Compound siRNA (mg/kg) in liver 
T4C16 APOB d 0.79 
ТАС18 АРОВ 3 1.56 
T4C19 APOB 3 1.12 
T4C2 SSB 3.2 0.17 
T4C3 SSB 3.2 0.12 
T4C4 APOB 1 0.12 
T4C5 SSB 3.2 0.35 
T4C6 SSB 3.2 0.1 
T4C7 SSB 3.2 0.14 
T4C8 APOB 1 0.77 
T4Ch1C1 SSB 32 0.55 
T5C1 SSB 3.2 0.13 
T5C2 SSB 32 0.1 
T5C3 SSB 3.2 0.43 
T5C4 SSB 32 0.41 
Т5С5 SSB 3.2 0.71 
T5C6 SSB 3.2 0.33 
T5C7 SSB 3:2 0.56 
TaC1 SSB 3.2 0.1 
TaC2 SSB 3.2 0.13 
TaC3 SSB 3:2 0.19 
TaC4 SSB 3.2 0.12 
TaC5 SSB 3.2 0.46 
TaC6 SSB 3.2 0.17 
TaC7 SSB 3.2 0.33 





Based on the results of Table 2, the performance of the lipid 


30 molecules are ranked as follows: 
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Head group selection from 1 (best) to 3 (fair): 

1. D1, ТЗ, T4, ТІ, B2, M10, 

2. B1, Md, Ns, S1, T5, Ta, M2, M11, 

3. T2, M3, M7, M9 

Tail group selection: 

Best: C1, C2, C3, C4, C6, C7, C8 

Fair: C5 

The best performing compounds are D1C1, T1C1, T1C6, 


T4C4, B2C1, B2C6, B2C7, and M10C1. 


What is claimed: 
1. An aqueous liquid composition, comprising i) a thera- 


peutic compound comprising a nucleic acid and ii) a macro- 
cyclic lipid, which macrocyclic lipid is formed by reacting a 
cyclic compound of formula I 


((CH2)(CH2— XR — CH2))m) 


with an epoxide of formula II or III 


II 


à O—R 
| Scu—ch, 
HC 
HI 
О а 
| Scu—cH, 
H,C 


wherein X is N. R is selected from the group consisting of 
H, a linear or branched alkyl, an aryl, a cholesterol, 
CH,CONH, CH,CONHCH;, CH-CON(CH,),, a 
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methylene bridge between a pair of the amino groups of 
the cyclic compound, or an ethylene bridge between 
pairs of amino groups of the cyclic compound; 


wherein more than one R group may occur in the macro- 
cyclic lipid; 
wherein m=4 to 6, 


wherein for every repeat of the CH,—XR—CH, group, n 
is O or 1; and 


wherein R' is C; to Сд. 


2. The aqueous liquid composition of claim 1, wherein the 
nucleic acid is an RNA molecule. 


3. The aqueous liquid composition of claim 2, wherein the 
nucleic acid is a siRNA molecule. 


4. The aqueous liquid composition of claim 1, wherein the 
cyclic compound is selected from the group consisting of: 


CO J 
di 
P o 


5. The aqueous liquid composition of claim 1, wherein the 
epoxide compound is selected from the group consisting of: 


Ы ЫИ ЫЬ 
Ы Ы 


O 


> 


> 
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-continued 


6. An aqueous liquid composition, comprising a liposome 
or a lipid particle, a nucleic acid, and a macrocyclic lipid, 
which macrocyclic lipid is formed by reacting a cyclic com- 
pound of formula I 


((CH2)n(CH2— XR — CH2))m) 


with an epoxide of formula II or III 


II 


б O—R 
| —cu—cu 
HC 
HI 
О Ps 
Уен—сн, 
HC 


wherein X is N, R is selected from a group consisting of H, 
a linear or branched alkyl, an aryl, a cholesterol, 
CH,CONH, CH,CONHCH, СН,СОМ(СН,),, a 
methylene bridge between a pair of the amino groups of 
the cyclic compound, or an ethylene bridge between 
pairs of amino groups of the cyclic compound; 

wherein more than one R group may occur in the macro- 
cyclic lipid; 

wherein m=4 to 6, 


wherein for every repeat of the CH,—XR—CH, group, n 
is O or 1; and 


wherein R' is C; to Сд. 


7. The aqueous liquid composition of claim 6, wherein the 
nucleic acid is an RNA molecule. 


8. The aqueous liquid composition of claim 7, wherein the 
nucleic acid is a siRNA molecule. 


9. The aqueous liquid composition of claim 6, wherein the 
cyclic compound is selected from the group consisting of: 
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"HS 
Z Z 
Зы 


E 


Je 


Zz 
z 


й 


А 


p. 
Z А 
m m 


5 
<a 


1 
E: 


) 
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10. The aqueous liquid composition according to claim 1, 
wherein the macrocyclic lipid is in a lipid-polynucleotide 
particle comprising a lipid and a polynucleotide. 

11. The aqueous liquid composition according to claim 1, 
wherein the macrocyclic lipid is a component ofa liposome or 
a lipid particle. 

12. The aqueous liquid composition according to claim 2, 
wherein the macrocyclic lipid is in a lipid-polynucleotide 
particle comprising a lipid and a polynucleotide. 

13. The aqueous liquid composition according to claim 3, 
wherein the macrocyclic lipid is in a lipid-polynucleotide 
particle comprising a lipid and a polynucleotide. 

14. The aqueous liquid composition according to claim 4, 
wherein the macrocyclic lipid is in a lipid-polynucleotide 
particle comprising a lipid and a polynucleotide. 

15. The aqueous liquid composition according to claim 5, 
wherein the macrocyclic lipid in a lipid-polynucleotide par- 
ticle comprising a lipid and a polynucleotide. 

16. The aqueous liquid composition according to claim 6, 
wherein the macrocyclic lipid is in a lipid-polynucleotide 
particle comprising a lipid and a polynucleotide. 

17. The aqueous liquid composition according to claim 7, 
wherein the macrocyclic lipid is in a lipid-polynucleotide 
particle comprising a lipid and a polynucleotide. 

18. The aqueous liquid composition according to claim 8, 
wherein the macrocyclic lipid is in a lipid-polynucleotide 
particle comprising a lipid and a polynucleotide. 

19. The aqueous liquid composition according to claim 9, 
wherein the macrocyclic lipid is in a lipid-polynucleotide 
particle comprising a lipid and a polynucleotide. 

20. The aqueous liquid composition according to claim 12, 
wherein the polynucleotide is an RNA molecule. 
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21. The aqueous liquid composition according to claim 13, 
wherein the polynucleotide is an RNA molecule. 

22. The aqueous liquid composition according to claim 14, 
wherein the polynucleotide is an RNA molecule. 

23. The aqueous liquid composition according to claim 15, 
wherein the polynucleotide is an RNA molecule. 

24. The aqueous liquid composition according to claim 16, 
wherein the polynucleotide is an RNA molecule. 

25. The aqueous liquid composition according to claim 17, 
wherein the polynucleotide is an RNA molecule. 

26. The aqueous liquid composition according to claim 18, 
wherein the polynucleotide is an RNA molecule. 

27. The aqueous liquid composition according to claim 19, 
wherein the polynucleotide is an RNA molecule. 





28. The aqueous liquid composition of claim 20, wherein 
the RNA molecule is an siRNA molecule. 

29. The aqueous liquid composition of claim 21, wherein 
the RNA molecule is an siRNA molecule. 

30. The aqueous liquid composition of claim 22, wherein 
the RNA molecule is an siRNA molecule. 

31. The aqueous liquid composition of claim 23, wherein 
the RNA molecule is an siRNA molecule. 

32. The aqueous liquid composition of claim 24, wherein 
the RNA molecule is an siRNA molecule. 

33. The aqueous liquid composition of claim 25, wherein 
the RNA molecule is an siRNA molecule. 

34. The aqueous liquid composition of claim 26, wherein 
the RNA molecule is an siRNA molecule. 

35. The aqueous liquid composition of claim 27, wherein 
the RNA molecule is an siRNA molecule. 

36. The aqueous liquid composition according to claim 2, 
wherein the macrocyclic lipid is acomponent ofa liposome or 
a lipid particle. 

37. The aqueous liquid composition according to claim 3, 
wherein the macrocyclic lipid is acomponent ofa liposome or 
a lipid particle. 

38. The aqueous liquid composition according to claim 4, 
wherein the macrocyclic lipid is a component ofa liposome or 
a lipid particle. 





39. The aqueous liquid composition according to claim 5, 
wherein the macrocyclic lipid is acomponent ofa liposome or 
a lipid particle. 

40. The aqueous liquid composition according to claim 6, 
wherein the macrocyclic lipid is acomponent ofa liposome or 
a lipid particle. 

41. The aqueous liquid composition according to claim 7, 
wherein the macrocyclic lipid is a component ofa liposome or 
a lipid particle. 

42. The aqueous liquid composition according to claim 8, 
wherein the macrocyclic lipid is acomponent ofa liposome or 
a lipid particle. 

43. The aqueous liquid composition according to claim 9, 
wherein the macrocyclic lipid is acomponent ofa liposome or 
a lipid particle. 

44. The aqueous liquid composition of claim 6, wherein the 
epoxide compound is selected from the group consisting of: 


Pa m dM c KE q: 
[S< s | ST i ы ч, 


O 


> 


> 
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-continued 





45. An aqueous liquid composition, comprising a liposome 
or lipid particle, a polynucleotide comprising DNA, and a 
macrocyclic lipid, which macrocyclic lipid is formed by 
reacting a cyclic compound of formula I 


((CH2)n(CH2 — XR — CH2))m) 


with an epoxide of formula II or III 


Š 0— в 
| Scu—ch, 
Н.С 
Ш 
О s 
| Усн—сн, 
Н.С 


wherein Х is М, В is selected from a group consisting of H, 
a linear or branched alkyl, an aryl, a cholesterol, 
CH2CONH2, CH2CONHCH3, CH,CON(CH,j), a 
methylene bridge between a pair of the amino groups of 
the cyclic compound, or an ethylene bridge between 
pairs of amino groups of the cyclic compound; 

wherein more than one R group may occur in the macro- 
cyclic lipid; 

wherein m=4 to 6, 

wherein for every repeat of the CH2-XR—CH2 group, nis 

O or 1; and 

wherein R' is C; to C,4. 

46. The aqueous liquid composition of claim 45, wherein 
the liposome or lipid particle comprises a polynucleotide not 
comprising DNA. 

47. The aqueous liquid composition of claim 46, wherein 
the polynucleotide is a siRNA molecule. 

48. The aqueous liquid composition of claim 45, wherein 
the aqueous liquid composition is a pharmaceutical compo- 
sition. 

49. The aqueous liquid composition of claim 45, wherein 
the macrocyclic lipid is selected from the group consisting of: 


a 
л 
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28, үш, 
‘om ae: 
Cot x 
"ETT 


50. The aqueous liquid composition of claim 45, wherein 
the epoxide compound is selected from the group consisting 
of: 











